The purpose of this study was to develop regression equations that would sufficiently predict the endurance running performance (ERP) of middle-aged and older runners (n = 55, 43-79 years). Among many independent variables which were selected as possible predictors of the ERP, oxygen uptake corresponding to the lactate threshold (Vo2@LT), or age was found to be the single best predictor. Recent studies using a relatively homogeneous sample of highly trained runners in terms of both distance running performance and Vo2max have obtained low-to-moderate correlations (r = -0.12, -0.18 and -0.58) between VO2max and race times4-6. In other studies, Vo2@LT and/or running velocity corresponding to LT have been postulated as a better (possibly the single best) determinant of endurance running performance (ERP) than a number of prerequisites including Vo2max7-13.
The purpose of this study was to develop regression equations that would sufficiently predict the endurance running performance (ERP) of middle-aged and older runners (n = 55, 43-79 years). Among many independent variables which were selected as possible predictors of the ERP, oxygen uptake corresponding to the lactate threshold (Vo2@LT), or age was found to be the single best predictor. Some variables representing training habits correlated significantly but only moderately with the ERP. Linear multiple regression equations developed in this study were: 10 km and marathon races, respectively, and X1 = Vo2@LT (ml kg-' min-'), X2 = age (year), and X3 = average running duration per workout (min). We suggest that the ERP of middle-aged and older runners can be predicted from a linear combination of Vo2@LT and age or a combination of these variables plus average running duration per workout. Recent studies using a relatively homogeneous sample of highly trained runners in terms of both distance running performance and Vo2max have obtained low-to-moderate correlations (r = -0.12, -0.18 and -0.58) between VO2max and race times4-6. In other studies, Vo2@LT and/or running velocity corresponding to LT have been postulated as a better (possibly the single best) determinant of endurance running performance (ERP) than a number of prerequisites including Vo2max7-13.
The popularity of strenuous events such as the marathon and triathlon has increased tremendously over the last decade, such that the prerequisites for competing in these events should be investigated. It is logically assumed that a combination of several prerequisites such as Vo2@LT, Vo2max, age, muscle fibre type, body composition or training habits is critical to the optimal prediction of ERP. Slovic14 has indicated that there are systematic relationships between personal characteristics, training habits and performance in the marathon for young runners. However, little effort has been made to determine with a multivariate statistical procedure the relationship of these prerequisites to the ERP for middle-aged and older runners.
In as much as the runners consist of middle-aged and older individuals, it seems appropriate that age and training habits should also be included in a series of independent variables. The purpose of this study was to develop regression equations that would sufficiently predict ERP 
The highest value of Vo2 recorded during the test was considered as Vo2maX All the subjects reported here met at least two of the following three criteria for VO2max documentation: (1) the V02 plateaued (< 150 ml min-') despite increasing exercise intensity; (2) the highest respiratory exchange ratio was greater than 1.10; and (3) the highest heart rate was greater than 90% of the age-predicted maximal heart rate (220 -age). Forty-seven out of the 51 subjects met all the three criteria. Time taken to reach V02max ranged from 15-23 min.
Statistics
A linear multiple regression analysis, with the stepwise procedure, was applied to the correlation matrix in order to extract a combination of several variables, which in turn provided the optimal prediction of each distance running performance. Dependent variables were mean running velocity at 5 km (Vkm), 10 km (Vokm), and marathon (VM).
Standard error of estimate (SEest) was computed as the square root of the unpredictable portion of the variance in a set of observations; that is, SEest = VX(Y -Y')21n, where Y is the actual score, Y' is the predicted score from the regression line, and n is the number of subjects. Significant correlations were only accepted when P values were less than 0.05.
Results
A summary of the selected physiological, anthropometric and running performance characteristics of the subjects is given in Table 1 Table 1   Table 3 Where V5km, V1Okm and VM are the mean running velocity (m sec-1) at 5 km, 10 km and marathon, respectively and X1 = Vo2@LT (ml kg-1 min-1), X2 = age (year), X3 = VO2max (ml kgmin-1), and X4 = average running duration per workout (min) product-moment correlation analysis showed that Vo2@LT, VO2max and age were the three independent variables that were correlated most strongly with V5k" VlOkm and VM ( Vo2max20 . In the present study, high relationships were also found between the Vo2@LT and ERP (r = 0.74 -0.88) and between VO2max and ERP (r = 0.72 0.83) at all distances. Therefore, a high Vo2@LT and/or VO2max as well as age could be considered, even among older runners, as one of the most influential determinants of performance in distance running and marathon events. The fact that age was found the second most influential variable in predicting ERP may be simply because running ability in general decreases linearly with ageing.
We reported that the ERP of middle-aged and older runners could be predicted with a relatively high accuracy by a single predictor of Vo2@LT or V02max, or by a combination of either of these predictors with more easily measurable indices such as age, atherogenic index, Katsura index or systolic blood pressure However, the relationships of the training habits with ERP have not been investigated in middle-aged and older runners. It is necessary to examine the relative contribution of training habit factors as a single entity or in combination, to the ERP. Contrary to our expectations, all variables on the training habits of the subjects, with the exception of weekly running distance, did not show significant correlations with ERP.
In previous investigations 4 ,22-24 success in ERP has been found to be related to the training indices which include total workouts and workout days, average running velocity in mmin-1, maximum running distance per week, average distance per workout, average distance per week and total duration and distance of training run. Above all, average distance per workout, average distance per week and total distance run during the 9 weeks preceeding the race were the most powerful factors related to improved race performance22. World-class distance runners usually run twice a day and between 110 and 240km week-' for 45-52 weeks year-1, 6' Less well-accomplished runners train below these levels and it has been recommended that aspiring marathoners train for at least 3 months at progressively greater weekly distances up to an average of 80km week-' to ensure completion of a marathon race23. Slovic24 has predicted that 35-50% of the variation in ERP is attributed to the maximum miles run in 1 week and 34-49% of the variation in ERP to the total miles run in the 8 weeks prior to the race. In the present cross-sectional data, correlations of training characteristics with ERP were statistically insignificant or only low to moderate (average distance per week; r = 0.29 -0.45). Therefore, it is difficult to estimate ERP with any high accuracy from training habits in the middle-aged and older runners as compared with younger subjects. In future, however, it is important to analyse in more detail the relationship among ERP and training habits in longitudinal data for middle-aged and older runners.
When Vo2@LT, age and one more factor (for example, average running duration per day, weight or BMI) were entered into stepwise multiple regression analysis, they accounted for 79% and 67% of the variance in V5km and VlOkm respectively, which were not significantly different from 76% and 63% accounted for by a combination of Vo2@LT and age.
It is, therefore, suggested that the addition of another variable does not raise predictive accuracy to a statistically meaningful level. The SEest of the predicted ERP seems to be small, particularly in view of the heterogeneous nature of the sample studied.
In conclusion, we suggest that ERP of middle-aged and older runners with heterogeneous training habits can be predicted with high accuracy by Vo2@LT and age or possibly a combination of these variables plus average running duration per workout. The prediction equations developed in this study could be expanded for use in a greater population of middleaged and older runners, from the moderately to the highly trained.
